Introduction {#S0001}
============

In accordance with the current recommendations, coronary artery bypass grafting (CABG) procedures constitute a highly effective method of treatment for multivessel coronary artery disease as well as its one- or two-vessel forms if percutaneous coronary intervention (PCI) is contraindicated or fails \[[@CIT0001]--[@CIT0003]\]. Globally, the number of performed CABG procedures continues to rise. Surgical procedures are performed in increasingly older patients who are often burdened with concomitant diseases and are physically unfit. Consequently, the number of patients requiring rehabilitation with methods appropriate for their medical situation continues to increase. Hence there is a need for verifying the existing methods of rehabilitation and creating new programs directed especially at patients characterized by a higher risk of complications \[[@CIT0004], [@CIT0005]\].

Therapeutic effects of walking training {#S0002}
=======================================

Walking is considered to be the most utilitarian and the most common of everyday activities \[[@CIT0006]\]. Rehabilitation programs based on this form of movement are effective in cardiac patients, including those after coronary artery bypass grafting \[[@CIT0006]--[@CIT0017]\]. However, the effectiveness of training does not always go hand in hand with its safety. By conducting a comparative analysis of the efficacy of higher-intensity interval training and moderate-intensity continuous training ([Table I](#T0001){ref-type="table"}), Kateyian *et al*. \[[@CIT0016]\] brought attention to one of the key issues associated with the clinical application of higher-intensity interval training: none of the programs were sufficiently analyzed, especially with regard to their safety, to become integral components of the 2^nd^ stage of cardiac rehabilitation. The authors also pointed to the significant differences between the programs (e.g., regarding the time during which the patient is exposed to high loads) as well as to the fact that recruitment to this type of training includes patients in relatively good clinical condition and with better fitness parameters in comparison to patients included in standard rehabilitation programs. Despite achieving favorable rehabilitation results with the interval method ([Table II](#T0002){ref-type="table"}), the authors underscored that this does not entail that the employed training program is safe for the patients or that it does not increase the risk of adverse clinical events. High-intensity interval training appears to be a method for progressive fitness improvement, but only on the condition that its performance remains under strict supervision.

###### 

Characteristics of walking training programs

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Publication (year)                               Aim of the study                                                                                                                            Characteristic features of the described walking training                                        Cause of hospitalization, number of patients \[*n*\] (including women)   Type and size of study groups \[*n*\] (including women), age \[years\]   Exclusion criteria                                                                                                                                                                                                                                                                                                          Time between the procedure/incident and the start of rehabilitation   Description of the program (program duration, type of training, intensity, session duration and frequency)                                                                                                                                                                                                                                                                                                                                                                                   Load adjustment method                                                                             Method for monitoring patients during training
  ------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------ ------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------
  Goodman JM *et al*. (1999) \[[@CIT0007]\]        Assessment of the influence of the training on left ventricular function and peripheral vascular reserve                                    Continuous walking training with increasing intensity                                            CABG, *n* = 31 (N/D)                                                     *n* = 31 (N/D)\                                                          N/D; patients without perioperative complications                                                                                                                                                                                                                                                                           8-10 weeks after CABG                                                 12 weekscontinuous trainingwalking/running on a treadmill50-60% VO~2max~, after 5 weeks 75-80% VO~2max~45-60 min (warm-up, training, cool-down)1 mile ≈ 1.6 km/day, after 5 weeks 9-12 miles/week5 sessions/week                                                                                                                                                                                                                                                                             Walking speed adjustment with regard to target HR                                                  N/D, probably HR; sessions monitored once per week
                                                                                                                                                                                                                                                                                                                                                                         53 ± 1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Adachi H *et al*. (2001) \[[@CIT0008]\]          Assessment of the influence of training on respiratory parameters and cardiac output                                                        Short-term in-hospital walking training on a treadmill                                           CABG, *n* = 57 \[[@CIT0011]\]                                            Study group\                                                             Peripheral vessel diseases, COPD, anemia, recent MI, age \> 75 years                                                                                                                                                                                                                                                        2 weeks after CABG                                                    Study group2 weekstreadmill or cycloergometerintensity defined as the equivalent of anaerobic threshold determined using the V-slope method30 min2 sessions/day Controlspassive convalescence                                                                                                                                                                                                                                                                                                N/D                                                                                                N/D
                                                                                                                                                                                                                                                                                                                                                                         *n* = 34 \[[@CIT0006]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         61 ± 8\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 23 \[[@CIT0005]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         63 ± 8\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Rognmo Ø *et al*. (2004) \[[@CIT0009]\]          Comparison of the effectiveness of high-intensity interval training and moderate-intensity continuous training with regard to VO~2peak~     Training on a treadmill:high-intensity interval trainingmoderate-intensity continuous training   MI, *n* = 8\                                                             IT\                                                                      Left coronary artery disease, unstable angina pectoris, intermittent claudication, MI within previous 3 months, CABG or PCI within previous 12 months, complex ventricular arrhythmias, LVEF \< 40%, orthopedic or neurological contraindications to exercise, regular physical activity over the previous 3 months         12 months after the procedure/incident                                IT group10 weekshigh-intensity interval trainingincline treadmill walkingwarm-up: 50-60% VO~2peak~/65-75% HR~peak~; training: 4 x 4 min intervals 80-90% VO~2peak~/85-95% HR~peak~; active breaks 3 x 3 min: 50-60% VO~2peak~/65-75% HR~peak~; cool-down: 50-60% VO~2peak~/65-75% HR~peak~33 min (warm-up: 5 min; training: 25 min; cool-down: 3 min)3 sessions/week MCT group10 weeksmoderate-intensity continuous trainingincline treadmill walking50-60% VO~2peak~41 min3 sessions/week   Treadmill speed and incline settings adjustment with regard to target HR                           HR as an exponent of VO~2peak~, Borg scale (6-20)
                                                                                                                                                                                                                                                                                                PCI, *n* = 3\                                                            *n* = 8 \[[@CIT0002]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                CABG, *n* = 5 \[[@CIT0003]\]                                             62.9 ± 11.2\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                         MCT\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                         *n* = 9 \[[@CIT0001]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                         61.2 ± 7.3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Chuang TY *et al*. (2005) \[[@CIT0010]\]         Influence of walking training enhanced with virtual reality on the long-term effects of rehabilitation                                      Walking training on a treadmill with virtual reality projection                                  CABG, *n* = 15 (N/D)                                                     Study group\                                                             Cognitive function impairments, unstable angina pectoris, uncontrolled symptomatic heart failure, uncontrolled cardiac dysrhythmias and hemodynamic disorders, acute myocarditis, acute infections                                                                                                                          Average: 5.4 months after the procedure                               Study group and controls3 monthswalking training on an incline treadmill70-80% HR~max~/60-75% VO~2max~/11-15 pts. according to the Borg Scale (treated with β-blockers)30 min2 sessions/weekVR projection in the study group                                                                                                                                                                                                                                                                 Treadmill speed and incline setting adjustment every 5 minutes with regard to fitness parameters   N/D
                                                                                                                                                                                                                                                                                                                                                                         *n* = 17 (N/D)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                         64.41 ± 7.66\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 15 (N/D)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                         68.67 ± 12.32\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Wu SK *et al*. (2006) \[[@CIT0011]\]             Comparison of the effectiveness of in-hospital walking training and training conducted at home with regard to the influence on HRRe         Continuous walking training on a treadmillWalking training at home                               CABG, *n* = 54                                                           Study group (hospital)\                                                  Arrhythmias (atrial flutter and fibrillation, ventricular tachycardia), inability to perform CPX, CABG in medical history, serious neurological and motor dysfunctions, complications during hospitalization                                                                                                                4^th^-12^th^ week after CABG                                          Study group (hospital)12 weekstreadmill or cycloergometer60-85% HR~peak~30-60 min (including 10 min of warm-up and cool-down)3 sessions/weekStudy group (home)12 weeksfast walking/running60-85% HR~peak~ and/or 11-13 pts. (Borg scale)30-60 min (including 10 min of warm-up and cool-down) + individual exercisesmin. 3 sessions/week Controlsno intervention, maintaining everyday activity without changes                                                                              N/D                                                                                                Study group (hospital)HRBP\
                                                                                                                                                                                                                                                                                                                                                                         *n* = 18\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Study group (home)N/D
                                                                                                                                                                                                                                                                                                                                                                         62.8 ± 6.9\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                         Study group (home)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                         *n* = 18\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         60.9 ± 7.6\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 18\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         62.2 ± 9.6                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Hirschhorn AD *et al*. (2007) \[[@CIT0012]\]     Assessment of the influence of walking training supplemented with breathing exercises and general fitness exercises on fitness parameters   In-hospital walking during early rehabilitation                                                  CABG, *n* = 92 \[[@CIT0012]\]\                                           Study group (walking)\                                                   Planned additional surgical procedures during the procedure, musculoskeletal and neurological dysfunctions, inability to fill out questionnaires, clinical condition requiring urgent CABG                                                                                                                                  Before the procedure; 1^st^ day after CABG                            Study group (walking)walking 3 x 1 minsubsequent days: 3 laps (100 m total) before noon, 5 min (3-4/10 pts. acc. to the Borg scale) in the afternoonextending the time of walking from 2.5 to 10 min, twice per daywalking up and down stairsat discharge: recommendation to maintain similar activity over 4 weeks, twice per day\                                                                                                                                                          N/D                                                                                                During in-hospital walking: saturation, ECG, Borg scale
                                                                                                                                                                                                                                                                                                                                                                         *n* = 31 \[[@CIT0004]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                   Study group (walking-breathing)Training as in the walking group + breathing exercises Controlseffective coughing exerciseswalking 10-30 m before noon and in the afternoonwalking up and down stairs on subsequent days                                                                                                                                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                         63.2 ± 10.8\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                         Study group (walking-breathing)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                         *n* = 30 \[[@CIT0003]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         61.8 ± 7.2\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 31 \[[@CIT0005]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         63.6 ± 8.5                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Kavanagh T *et al*. (2008) \[[@CIT0013]\]        Assessment of the influence of long-term walking training on fitness parameters and mortality rate                                          12-month cycle of walking training conducted at home                                             MI, *n* = 4713\                                                          *n* = 6956\                                                              N/D                                                                                                                                                                                                                                                                                                                         14.8 weeks after the procedure/incident                               12 monthsoutdoor walkingaverage initial speed 18.7 min/miledistance: 1 mile (≈1.6 km), target: 3 miles within 45 min5 sessions/week                                                                                                                                                                                                                                                                                                                                                          N/D                                                                                                N/D, monitored session 1/week; during individual training: probably HR
                                                                                                                                                                                                                                                                                                CABG, *n* = 2243\                                                        55 ± 9.3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Moholdt TT *et al*. (2009) \[[@CIT0014]\]        Comparison of the effectiveness of interval and continuous training of modern intensity with regard to VO~2peak~ and quality of life        Training on a treadmill:aerobic interval trainingmoderate-intensity continuous training          CABG, *n* = 59 \[[@CIT0011]\]\                                           IT, *n* = 28 \[[@CIT0004]\]\                                             Heart failure, inability to perform exercises, medication overuse                                                                                                                                                                                                                                                           4-16 weeks after CABG                                                 IT group4 weeksinterval trainingtreadmill walking4 x 4 min intervals: 90% HR~max~; active breaks 3x3 min: 70% HR~max~38 min (warm-up: 8 min; training: 25 min; cool-down: 5 min)5 sessions/week45-60 min of general fitness exercisesat discharge: recommendation to continue training at home (6 months, 3-4 sessions/week, same duration and intensity)\                                                                                                                                   N/D                                                                                                HR, Borg scale (0-10)
                                                                                                                                                                                                                                                                                                                                                                         60.2 ± 6.9\                                                                                                                                                                                                                                                                                                                                                                                                                                                                MCT group4 weekscontinuous trainingtreadmill walking70% HR~max~46 min (warm-up: 8 min; training: 33 min; cool-down: 5 min)5 sessions/week45-60 min of general fitness exercisesat discharge: recommendation to continue training at home (6 months, 3-4 sessions/week, same duration and intensity)                                                                                                                                                                                                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                         MCT\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                         *n* = 31 \[[@CIT0007]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         62.0 ± 7.6                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Sawatzky JA *et al*. (2014) \[[@CIT0015]\]       Assessment of the effectiveness of preoperative rehabilitation with regard to improvement of analyzed health parameters                     Walking as an element of pre-rehabilitation                                                      CABG, *n* = 17 \[[@CIT0003]\]                                            Study group\                                                             Locomotor system limitations, arrhythmias induced by physical exercise, unstable angina pectoris in medical history, MI within the previous week, dementia, EF \< 30%, physical activity before the procedure                                                                                                               Average: 8.2 weeks before CABG                                        Study group≤ 16 weeks60 min of exercise, 2 sessions/weekadditional exercises: 85% VO~2peak~, walking/ergometer cycling/resistance training with bands and weights/stretching12 education sessionsControlsNo intervention before the procedure                                                                                                                                                                                                                                                N/D                                                                                                N/D
                                                                                                                                                                                                                                                                                                                                                                         *n* = 8 \[[@CIT0002]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                         64 ± 7\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 9 \[[@CIT0001]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                         63 ± 9\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Kateyian SJ *et al*. (2014) \[[@CIT0016]\]       Comparison of the effectiveness of high-intensity interval training and moderate-intensity continuous training with regard to\              Training on a treadmill:high-intensity interval trainingmoderate-intensity continuous training   MI, PCI, CABG,\                                                          IT\                                                                      No sinus rhythm, EF \< 40%, limitations precluding walking on a treadmill                                                                                                                                                                                                                                                   4 weeks after CABG                                                    IT group10 weeksinterval trainingtreadmill walking4 x 4 min intervals: 80-90% HRR; active breaks 5 x 3 min: 60-70% HRR40 min (warm-up: 5 min; training: 31 min; cool-down: 4 min)3 sessions/week45 min education sessions: 2/week\                                                                                                                                                                                                                                                           Treadmill settings adjustment with regard to HRR                                                   HR
                                                   fitness parameters                                                                                                                                                                                                                           *n* = 28 \[[@CIT0005]\]\                                                 *n* = 15 \[[@CIT0004]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                   MCT group10 weekscontinuous trainingtreadmill walking60-80% HRR40 min (warm-up: 5 min; training: 30 min; cool-down: 5 min)3 sessions/week45 min education sessions: 2/week                                                                                                                                                                                                                                                                                                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                         60 ± 67\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         MCT\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
                                                                                                                                                                                                                                                                                                                                                                         *n* = 13 \[[@CIT0001]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                         58 ± 9                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Bahremand M *et al*. (2014) \[[@CIT0017]\]       Assessment of the influence of high-intensity aerobic training on diastolic function                                                        High-intensity training                                                                          CABG, *n* = 44\                                                          *n* = 44\                                                                Atrial fibrillation, serious arrhythmias, left ventricular hypertrophy, valve insufficiency, uncontrolled hypertension \> 140/90 mmHg, cardiomyopathy, other cardiac surgery procedures, systemic disease, acute kidney injury, orthopedic contraindications to exercise                                                    3 months after CABG                                                   2 monthshigh-intensity aerobic trainingtreadmill walking, cycling, running50-75 min: warm-up (5-10 min), training (40-45 min), cool-down (5-10 min)3 sessions/week                                                                                                                                                                                                                                                                                                                           N/D                                                                                                ECG
                                                                                                                                                                                                                                                                                                (N/D)                                                                    (N/D)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                         59.54 ± 6.27                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

  Wolszakiewicz J *et al*. (2015) \[[@CIT0006]\]   Comparison of the therapeutic effects of walking training based on the 6-MWT and standard rehabilitation procedure                          Walking training based on the properties of the 6-MWT                                            CABG, *n* = 119\                                                         Study group\                                                             Heart failure, unstable angina pectoris, perioperative MI, concurrent valvuloplasty and/or transmyocardial laser revascularization, atrial fibrillation, stimulator implantation, massive reaction after cardiotomy, anemia, obliterative lower limb atherosclerosis, locomotor system limitations, uncontrolled diabetes   4^th^-12^th^ week after CABG                                          Study group3-4 weeks30-60 min: interval training on a treadmill or cycloergometer, breathing exercises, isometric small muscle group exercises, general fitness exercises6 sessions/week\                                                                                                                                                                                                                                                                                                    N/D                                                                                                Hospital: yes (N/D) Home: telemonitoring (ECG)
                                                                                                                                                                                                                                                                                                                                                                         *n* = 59\                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Additionally:3 monthswalking trainingwalking 6 x 6 min, 5 x 3 min rest breaks5-7 session/week\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         56 ± 7.9\                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Controls3-4 weeks30-60 min: interval training on a treadmill or cycloergometer, breathing exercises, isometric small muscle group exercises, general fitness exercises6 sessions/week                                                                                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                         Controls\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         *n* = 60\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         60 ± 7.8\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                         \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6-MWT -- six-minute walk test, N/D -- no data, BP -- arterial blood pressure, CABG -- coronary artery bypass grafting, CPX -- cardiopulmonary exercise test, ECG -- electrocardiography, HR -- heart rate, HR~max~ -- maximum heart rate, HR~peak~ -- peak heart rate, HRR -- heart rate reserve, HRRe -- post-exercise heart rate normalization, IT -- interval training, LVEF -- left ventricular ejection fraction, MCT -- moderate-intensity continuous training, MI -- myocardial infarction, PCI -- percutaneous coronary artery angioplasty, COPD -- chronic obstructive pulmonary disease, VO2~max~ -- maximum oxygen uptake, VO~2peak~ -- peak oxygen uptake, VR -- virtual reality

###### 

Statistically significant results of the analyzed training programs (results of final examinations in comparison to initial examinations)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Publication (year)                               Statistically significant results (*p* \< 0.05)
  ------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Goodman JM *et al*. (1999) \[[@CIT0007]\]        ↑ maximum load by 14% (104 vs. 119 W)\
                                                   ↑ absolute VO~2max~ by 13% (1497 vs. 1691 ml/min) and relative VO~2max~ by 11% (19 vs. 21 ml/kg/min)\
                                                   ↑ LVEF during submax exercise at 40% VO~2peak~ (60 vs. 63%) and at 70% VO~2peak~ (61 vs. 64%)\
                                                   ↑ max blood flow through crural arteries by 18% and peak vascular flow by 16%\
                                                   ↓ lactate concentrations at the load of 40% VO~2peak~ (2.68 vs. 1.83 ml/kg/min)

  Adachi H *et al*. (2001) \[[@CIT0008]\]          Study group\
                                                   ↑ anaerobic VT (11.3 vs. 12.4 ml/min/kg)\
                                                   ↑ VO~2peak~ (14.3 vs. 20.3 ml/kg/min)\
                                                   ↓ breaths per minute at rest (19.5 vs. 17.3) and in motion (26.2 vs. 24.3)\
                                                   ↓ VE in motion (24.7 vs. 22.2 l/min)\
                                                   ↓ minimum VE/VCO~2~ (42.3 vs. 38.3)\
                                                   ↓ gradient of the VE/VCO~2~ curve (38.9 vs. 35.1)\
                                                   ↑ VO~2peak~/HR (8.1 vs. 8.5 ml/cardiac cycle)\
                                                   ↑ CO at the intensity of 20 W (6.2 vs. 7.3 l/min) and at peak exertion (10.6 vs. 13.4 l/min)\
                                                   Controls\
                                                   ↓ number of breaths/min in motion (30.7 vs. 28.0)\
                                                   ↓ VE at rest (12.5 vs. 11.0 l/min)

  Rognmo Ø *et al*. (2004) \[[@CIT0009]\]          IT group\
                                                   ↑ absolute VO~2peak~ (2.47 vs. 2.92 l/min) and relative VO~2peak~ (31.8 vs. 37.8 ml/kg/min)\
                                                   ↑ peak ventilation (74.3 vs. 88.4 l/min)\
                                                   ↑ walking speed in CPX (5.3 vs. 6.8 kph)\
                                                   ↓ CPX duration (619 vs. 420 s)\
                                                   VO~2peak~ improvement by 0.63%/session\
                                                   MCT group\
                                                   ↑ absolute VO~2peak~ (2.61 vs. 2.81 l/min) and relative VO~2peak~ (32.1 vs. 34.8 ml/kg/min)\
                                                   ↑ peak ventilation (80.2 vs. 86.6 l/min)\
                                                   VO~2peak~ improvement by 0.29%/session

  Chuang TY *et al*. (2005) \[[@CIT0010]\]         Study group\
                                                   ↑ VO~2peak~ (17.71 vs. 22.47 ml/kg/min)\
                                                   ↑ MET~peak~ (5.06 vs. 6.42 MET)

  Wu SK *et al*. (2006) \[[@CIT0011]\]             Study group (hospital)\
                                                   ↓ HR at rest (86.1 vs. 76.1 ml/kg/min)\
                                                   ↑ HR~peak~ (123.2 vs. 143.0 bpm)\
                                                   ↑ load tolerance (82.5 vs. 132.5 W)\
                                                   ↑ VO~2peak~ (15.7 vs. 24.2 ml/kg/min)\
                                                   ↑ HRRe (9.2 vs. 19.1 bpm)\
                                                   Study group (home)\
                                                   ↓ HR at rest (85.4 vs. 78.5 bpm)\
                                                   ↑ HR~peak~ (125.6 vs. 139.8 bpm)\
                                                   ↑ load tolerance (80.8 vs. 126.5 W)\
                                                   ↑ VO~2peak~ (16.4 vs. 22.9 ml/kg/min)\
                                                   ↑ HRRe (8.3 vs. 16.2 bpm)\
                                                   Controls\
                                                   ↓ HR at rest (87.2 vs. 83.9 bpm)\
                                                   ↑ HR~peak~ (125.3 vs. 132.6 bpm)\
                                                   ↑ load tolerance (83.5 vs. 115.2 W)\
                                                   ↑ VO~2peak~ (16.0 vs. 19.5 ml/kg/min)\
                                                   ↑ HRRe (8.9 vs. 14.0 bpm)

  Hirschhorn AD *et al*. (2007) \[[@CIT0012]\]     ↑ 6-MWT distance at discharge in groups undergoing walking training, walking and breathing exercises, and controls (respectively: 444 ± 84, 431 ± 98, and 377 ± 90 m)

  Kavanagh T *et al*. (2008) \[[@CIT0013]\]        ↓ HR at rest in patients with and without β-blocker therapy (respectively by 2.1 and 5.5 bpm)\
                                                   ↑ HR~peak~ in patients with and without β-blocker therapy (respectively by 4.2 and 3.2 bpm)\
                                                   ↓ SBP and DBP at rest (respectively: by 1.0 and 1.8 mmHg)\
                                                   ↑ peak SBP (by 7.2 mmHg)\
                                                   ↓ peak DBP (by 2.0 mmHg)\
                                                   ↑ VO~2peak~ (by 4.8 ml/kg/min)\
                                                   ↑ distance (by 2.1 miles)\
                                                   ↑ walking speed (by 2.5 miles/min)

  Moholdt TT *et al*. (2009) \[[@CIT0014]\]        IT group\
                                                   ↑ VO~2peak~ in CPX in week 4 (27.1 vs. 30.4 ml/kg/min)\
                                                   ↑ VO~2peak~ in CPX in month 6\
                                                   ↑ HRRE in CPX in week 4 (19.6 vs. 22.5 bpm)\
                                                   ↓ HR at rest in week 4 (68.6 vs. 66.4 bpm)\
                                                   ↓ work economy (VO~2peak~) in week 4 (16.0 vs. 13.9 ml/kg/min)\
                                                   ↓ work economy (HR) in week 4 (106 vs. 93 bpm)\
                                                   ↑ quality of life in week 4 (emotional by 0.5, physical by 0.9, and social by 0.9)\
                                                   ↓ peak early diastolic mitral flow velocity in week 4 (67.7 vs. 60.2 cm/s)\
                                                   MCT group\
                                                   ↑ VO~2peak~ in CPX in week 4 (26.2 vs. 28.5 ml/kg/min)\
                                                   ↑ HRRE in CPX in week 4 (20.3 vs. 25.4 bpm)\
                                                   ↓ HR at rest in week 4 (68.8 vs. 63.9 bpm)\
                                                   ↓ work economy (VO~2peak~) in week 4 (16.3 vs. 13.8 ml/kg/min)\
                                                   ↓ work economy (HR) in week 4 (102 vs. 86 bpm)\
                                                   ↑ quality of life in week 4 (emotional by 0.5, physical by 0.6, and social by 0.9)

  Sawatzky JA *et al*. (2014) \[[@CIT0015]\]       Study group\
                                                   ↑ 6-MWT distance (initial: 342 ± 79 m, before the procedure: 474 ± 101 m, after the procedure: 487 ± 106 m)\
                                                   ↓ time of walking 5 m (initial: 5.5 s, before the procedure: 4.0 s, after the procedure: 3.7 s)\
                                                   ↑ percentage of participation in postoperative rehabilitation in comparison to the control group (100% vs. 43%)

  Kateyian SJ *et al*. (2014) \[[@CIT0016]\]       IT group\
                                                   ↓ DBP at rest (78 vs. 71 mmHg)\
                                                   ↓ HR in the 2^nd^ stage of CPX (98 vs. 90 bpm)\
                                                   ↑ relative oxygen uptake at the anaerobic threshold (14.1 vs. 17.1 ml/kg/min)\
                                                   ↑ absolute oxygen uptake at the anaerobic threshold (1315 vs. 1546 ml/kg/min)\
                                                   ↑ relative VO~2peak~ (22.4 vs. 26.0 ml/kg/min) and absolute VO~2peak~ (2025 vs. 2309 ml/min)\
                                                   ↑ peak oxygen pulse (14.2 vs. 15.8 ml/beat)\
                                                   MCT group\
                                                   ↓ HR in the 2^nd^ stage of CPX (95 vs. 87 bpm)\
                                                   ↑ relative VO~2peak~ (21.8 vs. 23.5 ml/kg/min) and absolute VO~2peak~ (1982 vs. 2119 ml/min)\
                                                   ↑ peak oxygen pulse (14.6 vs. 16.2 ml/beat)

  Bahremand M *et al*. (2014) \[[@CIT0017]\]       ↓ time of isovolumic relaxation time (94 vs. 89 ms)\
                                                   ↑ relation between peak early diastolic and late diastolic mitral flow velocity (0.94 vs. 1.04)\
                                                   ↑ relation between mitral A inflow duration and pulmonary A inflow duration (1.07 vs. 1.12)\
                                                   Unchanged ratio between the peak velocities of systolic flow through the left superior pulmonary vein and diastolic flow (0.89 vs. 1.04)\
                                                   Unchanged ratio between the early diastolic transmitral flow velocity and the velocity of early diastolic mitral annular motion (10.79 vs. 10.22)\
                                                   ↑ deceleration time (192.71 vs. 219.00 ms)\
                                                   ↑ velocity of early diastolic mitral annular motion (5.90 vs. 6.77 cm/s)\
                                                   ↓ degree of diastolic dysfunction (1.30 vs. 0.88)

  Wolszakiewicz J *et al*. (2015) \[[@CIT0006]\]   Study group\
                                                   ↑ distance covered during the 6-MWT in month 3 in comparison to initial values (419 ± 73 vs. 515 ± 70 m)\
                                                   ↓ final HR in the 6-MWT in month 3 (87 bpm)\
                                                   ↓ glucose concentration (5.6 mmol/dl) and C-reactive protein concentration in month 3 (0.27 mg/dl)\
                                                   ↑ mean standard deviation of RR intervals in month 3 (132 ms)\
                                                   ↓ low frequency component of heart rate variability in month 12 (526 ms^2^/Hz)\
                                                   Controls\
                                                   ↑ distance covered during the 6-MWT in month 3 in comparison to initial values (422 ± 86 vs. 519 ± 73 m)\
                                                   ↑ body mass in the 3^rd^ (82.6 kg) and 12^th^ month (84.7 kg)\
                                                   ↑ triglyceride concentration (1.5 mmol/dl) in the 12^th^ month
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6-MWT -- six-minute walk test, BP -- arterial blood pressure, CO -- cardiac output, CPX -- cardiopulmonary exercise test, DBP -- diastolic arterial blood pressure, HR -- heart rate, HR~peak~ -- peak heart rate, HRRe -- post-exercise heart rate normalization, IT -- interval training, LVEF -- left ventricular ejection fraction, MCT -- moderate-intensity continuous training, MET -- metabolic equivalent, SBP -- systolic arterial blood pressure, VCO~2~ -- carbon dioxide production, VE -- minute volume, VE/VCO~2~ -- ventilation equivalent for carbon dioxide, VO~2max~ -- maximum oxygen uptake, VO~2peak~ -- peak oxygen uptake, VO~2peak~/HR -- oxygen pulse, VT -- ventilatory threshold

The issue of the effectiveness and safety of interval training was also mentioned by Rognmo *et al*. \[[@CIT0009]\]. Despite proving the advantage of interval training over continuous training in terms of improving peak oxygen uptake ([Table II](#T0002){ref-type="table"}), other authors \[[@CIT0006]\] also underscored the need for conducting further studies that would confirm the safety of the employed methods. Although the average Borg Rating of Perceived Exertion after exercise was similar in both groups (respectively, 14.4 and 13.5 for interval training and continuous training), the critical issue remains the safety of the recommended physical activity, whose intensity reaches 90% VO~2peak~ ([Table I](#T0001){ref-type="table"}). One should bear in mind that cardiovascular patients are more susceptible to sudden cardiac events during intensive exertion than healthy persons \[[@CIT0018]\]. Another important issue is the selection of optimal training duration depending on its type. Interval training of relatively high intensity requires shorter sessions in order to ensure patient safety. Notwithstanding, due to the higher increase of peak oxygen uptake during interval training ([Table II](#T0002){ref-type="table"}), resulting in improved fitness, which constitutes a significant factor for improving survival \[[@CIT0019], [@CIT0020]\], interval walking training should become one of the elements of routine patient rehabilitation \[[@CIT0009]\].

Aside from the improvement of fitness, the advantages of interval programs appear to include the duration of the beneficial changes. When comparing the effectiveness of interval and continuous walking training with regard to the improvement of fitness ([Table I](#T0001){ref-type="table"}), Moholdt *et al*. \[[@CIT0014]\] demonstrated that, after 4 weeks of rehabilitation, peak oxygen uptake increased significantly in both groups. However, only in the interval training group did the effect persist and even continue to improve over the next 6 months ([Table II](#T0002){ref-type="table"}). The authors explain the phenomenon by the patients' adherence to the provided recommendations concerning physical activity after discharge from the hospital. The patients exercising with the interval method reported more frequent participation in higher-intensity training in comparison to the continuous training group. The authors also point to the significance of the moment at which the patients leave the hospital/rehabilitation center, as it becomes for them a turning point for choosing a more healthy lifestyle and continuing physical activity.

High-intensity training used in the rehabilitation of CABG patients does not necessarily have to involve interval training. Continuous walking training programs are considered a safe method of rehabilitation \[[@CIT0018]\]; therefore, in practice, they are used more often than interval programs \[[@CIT0009]\]. Continuous high-intensity aerobic exercise has also been used in clinical practice by Bahremand *et al*. \[[@CIT0017]\]. As the influence of this form of rehabilitation on diastolic cardiac function had been unclear, the authors attempted to investigate it. Some of the previously conducted studies reported a positive influence of the training on diastolic parameters \[[@CIT0021]--[@CIT0023]\], prevention of further loss of diastolic function \[[@CIT0024]\], or no influence on the diastolic parameters of the left ventricle of the heart \[[@CIT0025]--[@CIT0027]\]. In their study group, Bahremand *et al*. \[[@CIT0017]\] noted significantly better diastolic parameters, which probably resulted from the employed rehabilitation program ([Table II](#T0002){ref-type="table"}). The degree of dysfunction was reduced as well: before rehabilitation, none of the patients had normal diastolic function, while 27.3% had grade 2-3 dysfunction; after the training cycle, 36.4% of the participants had normal diastolic function, and only 13.7% had grade 2-3 dysfunction. No statistically significant association was found between the improvement of the grade of dysfunction and the typical risk factors: female sex, advanced age, systolic hypertension, hyperlipidemia, and diabetes.

The type of training and the degree of its intensity are among the most often analyzed parameters, but there are more. Some researchers have investigated the mechanisms of physiological adaptation to increasing loads \[[@CIT0007], [@CIT0008], [@CIT0010]--[@CIT0012]\]. Such analysis has been conducted by Goodman *et al*. \[[@CIT0007]\], who demonstrated that the fitness improvement achieved in their study group, which probably resulted from the employed rehabilitation program ([Table I](#T0001){ref-type="table"}), can be attributed primarily to the participation of peripheral compensatory mechanisms, with limited support of the slightly improving left ventricular function. The obtained results ([Table II](#T0002){ref-type="table"}) indicate that there is a relationship between peripheral vasodilatory reserve and VO~2max~, confirming the results of previous studies \[[@CIT0028], [@CIT0029]\].

Hitoshi *et al*. evaluated the influence of walking training on respiratory parameters and cardiac output \[[@CIT0008]\]. The authors reported dyspnea to be the most frequent complaint of patients in response to increased physical activity; the symptom probably resulted from changes in the analyzed parameters. In patients after CABG, deep breathing may be accompanied by chest pain as a result of sternotomy. The discomfort has a significant impact on the breathing pattern, which becomes shallow and accelerated; nonetheless, the respiratory rhythm normalizes gradually over time. This process is probably accelerated by physical activity, as illustrated by the reduced gradient of the VE-VCO~2~ curve in the study group undergoing walking training ([Table II](#T0002){ref-type="table"}). Based on the obtained data, the authors concluded that walking training has a positive impact on the ventilation/perfusion ratio during physical activity. The value of the minute volume of the heart was another clinically significant parameter shown to have improved in the aforementioned study. According to the authors, the dilation of peripheral blood vessels and the increase in their sensitivity to catecholamines resulting from physical activity are the most probable causes of increased cardiac output in patients undergoing walking training.

Hirschhorn *et al*. \[[@CIT0012]\] verified the therapeutic effectiveness of walking training as well as walking training in combination with breathing exercises in the early stages of rehabilitation. The studied patients were assigned to one of three groups: the first adhered to standard rehabilitation procedures, the second participated in walking training alone, while the third participated in walking training combined with breathing exercises ([Table I](#T0001){ref-type="table"}). Training intensity in all three groups was the same and was described as moderate. Control examinations in the form of a six-minute walk test (6-MWT) and measurements of the vital capacity of the lungs and quality of life were conducted preoperatively, on discharge, and 4 weeks after discharge. The patients participating in walking training (groups 2 and 3) had significantly better results of the 6-MWT conducted on discharge in comparison with the group adhering to standard procedures ([Table II](#T0002){ref-type="table"}). Concurrently, no additional benefits were noted with regard to the analyzed parameters (including the vital capacity of the lungs and quality of life) that would result from the introduction of the additional program of breathing and general fitness exercises in group 3. It was also a surprise that the subsequent examinations, performed 4 weeks after discharge, showed no statistically significant differences between the groups in terms of the results of the 6-MWT. The authors explain this phenomenon in two ways: (1) regardless of the procedures employed in the early stages of rehabilitation, fitness parameters of all CABG patients gradually normalize; (2) the therapeutic effect achieved in the early stages of hospital rehabilitation requires reinforcement, e.g., by referring patients to a second stage of cardiac rehabilitation without delay. The authors suggest that the habits and procedures learned by the patients during the hospital stage could be used by them to transition smoothly into the next stage of rehabilitation.

The beneficial modulating impact of walking training on the respiratory and cardiovascular systems can also be observed in the nervous system. The important issue of the function of the autonomic nervous system in patients undergoing CABG was analyzed by Wu *et al*. \[[@CIT0011]\]. The common symptoms of a dysfunction of this system in CABG patients include increased resting heart rate and limited heart rate variability \[[@CIT0030]\]. The rate of post-exercise heart rate normalization is another important indicator of the functioning of the autonomic nervous system. The prognostic value of these parameters has been described along with the favorable effect of physical activity on their normalization \[[@CIT0031], [@CIT0032]\]. It should be stressed that the authors observed a significant improvement in all three study groups (undergoing rehabilitation in the hospital, at home, and controls), but significantly more improvement was achieved by patients undergoing in-hospital rehabilitation in comparison to the other groups. The authors explain the improvement of post-exercise heart rate normalization, reduction of resting heart rate, and increase of maximum heart rate by the restoration of balance between the sympathetic and parasympathetic components of the autonomic nervous system \[[@CIT0011]\].

The influence of walking training on the functioning of the nervous system was also one of the issues examined by Chuang *et al*. \[[@CIT0010]\]. The novelty of the walking training program used by the authors consisted in the addition of virtual reality projection to the training sessions ([Table I](#T0001){ref-type="table"}). The physiotherapist adjusted the speed and incline settings of the treadmill every 5 minutes based on the fitness parameters of the patient. Every change in the treadmill parameters was reflected in the virtual reality displayed by the projector, which consisted in a 5 km route, alternately straight and curved, supplemented with elements of scenery (grass, trees). Patients participating in walking training enhanced by the projection of virtual reality had significantly better values of VO~2peak~ and peak MET ([Table II](#T0002){ref-type="table"}). According to the authors, the results stem from increased motivation levels in the group stimulated with virtual reality and from reflexive, deep, global neurorelaxation which may contribute to reducing the level of oxidative stress and lactate concentration as well as to maintaining exercise over longer periods of time with regard to aerobic metabolism. In consequence, these factors may have a significant influence on the improvement of fitness parameters.

A decided majority of walking training programs described in the literature require the use of a treadmill \[[@CIT0007]--[@CIT0011], [@CIT0014], [@CIT0016], [@CIT0017]\]. An alternative method of rehabilitation which does not require the use of special equipment consists of regular walking on the premises of the rehabilitation center, planned on the basis of the 6-MWT. For example, Wolszakiewicz *et al*. designed a walking training program for CABG patients based on the 6-MWT \[[@CIT0006]\]. The proposed program not only had a favorable effect on extending the walking distance in control examinations ([Table II](#T0002){ref-type="table"}) but also showed that low initial walking distance is the only independent factor influencing its increase in the study group.

The benefits of walking training are not limited to the fact that it can be performed without the need for a special treadmill; it can also be employed in a wide spectrum of studies: from short-term sessions of preoperative rehabilitation \[[@CIT0015]\] to long-term training conducted, e.g., to evaluate the risk of death \[[@CIT0013]\]. A pilot pre-rehabilitation program for patients awaiting planned CABG ([Table I](#T0001){ref-type="table"}) was designed by Sawatzky *et al*. \[[@CIT0015]\]. According to the authors, the waiting time provides the perfect opportunity to commence activities aimed at preoperative improvement of relatively low-risk patients without contraindications for low-intensity physical activity. Pre-rehabilitation can have a positive effect on the safety and outcome of the procedure as well as encourage the patient to participate in properly selected and supervised physical activity after the procedure. As indicated by pilot studies ([Table II](#T0002){ref-type="table"}), walking training can be successfully used as an element of this form of rehabilitation.

A 10-year observational study of patients after myocardial infarction and CABG who had undergone a 1-year cycle of walking training, conducted by Kavanagh *et al*. \[[@CIT0013]\], demonstrated that, in the studied group of men, prolonging the march distance by 1 mile (≈1.6 km) led to a decrease of cardiac death risk by 20%. Distance improvements of 1.3-2.8 miles and 2.8+ miles were associated with reductions in the risk of cardiac-related death of, respectively, 24% and 48%. In the study group, walking distance improvement ([Table II](#T0002){ref-type="table"}) was a strong, independent predictor for good prognosis, stronger than VO~2peak~.

Discussion {#S0003}
==========

According to the recommendations of the American College of Sports Medicine (ACSM), physical training is the best method for maintaining good health, provided that it is adjusted to individual needs and capabilities. The FITT principle defines the fundamental components which must be considered when individualizing rehabilitation programs: frequency, intensity, type, time/duration, and progression \[[@CIT0004], [@CIT0005]\].

In accordance with the ACSM\'s recommendations, rehabilitation exercises should be performed on most days of the week \[e.g., 4-7\]. Patients with low exercise tolerance can perform their everyday sessions in the form of 1-10 min intervals \[[@CIT0004], [@CIT0005]\].

The frequency of the training sessions in the analyzed programs varied greatly, ranging from 2 to 7 sessions per week ([Table I](#T0001){ref-type="table"}), conducted once \[[@CIT0006], [@CIT0007], [@CIT0009]--[@CIT0011], [@CIT0013]--[@CIT0017]\] or twice per day \[[@CIT0008], [@CIT0012]\]. A separate issue concerns the early stage of rehabilitation: it most often began with 2-4 short sessions per day, followed by a regimen of 2 longer sessions per day \[[@CIT0005]\]. This scheme was employed by Adachi *et al*. \[[@CIT0008]\] and Hirschhorn *et al*. \[[@CIT0012]\].

The intensity of walking training programs for patients after CABG constitutes the greatest controversy. The ACSM recommends that it should fall within the range of 11-16 points of perceived exertion (on a scale of 6-20) or 40-80% of exercise capacity defined by heart rate reserve, oxygen uptake reserve, or peak oxygen uptake. The maximum intensity of the recommended exercises cannot exceed the values of heart rate corresponding to myocardial ischemia. Also, patients at the early stages of rehabilitation after CABG should not exceed the values of exercise heart rate of more than 30 bpm in comparison to resting heart rate \[[@CIT0004], [@CIT0005]\]. In view of these guidelines, the use of training programs with intensity reaching 95% of peak heart rate \[[@CIT0009]\], 90% of maximum heart rate \[[@CIT0014]\], or 90% of heart rate reserve \[[@CIT0016]\] appears risky. Most authors employing high-intensity training programs \[[@CIT0009], [@CIT0014], [@CIT0016]\] provide detailed analyses of their effectiveness, but fail to examine the question of their safety. In many of these programs, the patient\'s condition is monitored using heart rate and the Borg scale \[[@CIT0009], [@CIT0014], [@CIT0016]\] or heart rate alone \[[@CIT0016]\]. Electrocardiogram monitoring was employed only by Hirschorn *et al*. \[[@CIT0012]\] during the early stage of in-hospital rehabilitation, Bahremand *et al*. \[[@CIT0017]\] during high-intensity training, and Wolszakiewicz *et al*. \[[@CIT0006]\] in the form of telemonitoring. Many of the reports feature no information concerning the method of patient supervision, or the information is unclear \[[@CIT0007], [@CIT0008], [@CIT0010], [@CIT0013], [@CIT0015]\].

Walking training is rarely the sole method of rehabilitation: usually, it is accompanied by various other activities \[[@CIT0006], [@CIT0011], [@CIT0012], [@CIT0014], [@CIT0015], [@CIT0017]\]. Due to the complexity of the programs, there are significant differences regarding the duration of individual sessions: from the average of 30 min/day to 75 min/day \[[@CIT0006]--[@CIT0017]\]. For cardiovascular patients, the ACSM recommends a target session duration of 20-60 minutes, including 5-10 minutes of warm-up and cool-down in the form of static stretching and exercises improving the extent of movement. However, their intensity should not exceed 40% of oxygen uptake reserve \[[@CIT0004], [@CIT0005]\]. Most of the analyzed authors adhere to these recommendations ([Table I](#T0001){ref-type="table"}); only Bahremand *et al*. \[[@CIT0017]\] employed sessions of up to 75 minutes. During the early stage of cardiac rehabilitation, the duration of a single dose of exercise (provided that it is well tolerated by the patient) should be 3-5 minutes followed by a period of rest which may take the form of slower walking. The target ratio of exercise to rest should be 2 : 1 \[[@CIT0004], [@CIT0005]\]. A program for the early rehabilitation of patients after CABG in accordance with the above recommendations was presented by Hirschhorn *et al*. \[[@CIT0012]\].

Apart from the frequency, intensity, and duration of the sessions, the progression of training loads is one of the more important elements of rehabilitation. According to the guidelines \[[@CIT0004], [@CIT0005]\], the progression should be individualized and based on factors such as initial fitness capacity, patient motivation and goals, any concomitant symptoms, and locomotor system limitations. In practice, the training load may be increased by gradually extending the walking distance \[[@CIT0013]\] and then shortening its duration (increasing the walking speed) \[[@CIT0007]\], increasing the walking speed and/or treadmill incline settings \[[@CIT0009], [@CIT0010], [@CIT0016]\], extending the duration of training \[[@CIT0006], [@CIT0014], [@CIT0017]\], and, in the early stage of rehabilitation, extending the walking distance without increasing the speed \[[@CIT0012]\].

For cardiac rehabilitation, the guidelines \[[@CIT0004], [@CIT0005]\] recommend aerobic exercises. Each session should consist of rhythmic exercises for large muscle groups, which are indispensable for maintaining or restoring normal body weight. However, the crux of each rehabilitation program should consist of exercises aimed at improving general fitness with the use of ergometers: upper and/or lower body classic cycloergometers \[[@CIT0006], [@CIT0008], [@CIT0011], [@CIT0015]\] or horizontal, elliptical, and rowing ergometers and treadmills \[[@CIT0006]--[@CIT0011], [@CIT0014], [@CIT0016], [@CIT0017]\], or exercises without the use of special equipment, consisting of walking \[[@CIT0012], [@CIT0013], [@CIT0015]\] or stair climbing \[[@CIT0012]\]. Notwithstanding, at least 3 months of sternal protection are required for patients subjected to sternotomy in order to undergo coronary artery bypass grafting \[[@CIT0018]\]. In view of these recommendations, some forms of rehabilitation, such as running \[[@CIT0007], [@CIT0011], [@CIT0017]\] or cycling \[[@CIT0017]\], seem controversial.

As far as the technical aspects of the training programs are concerned, it is noteworthy that the authors used numerous exclusion criteria ([Table I](#T0001){ref-type="table"}), resulting in the selection of patients in relatively good clinical condition for the study groups. Some of these criteria include procedures, conditions, and diseases typical for most cardiovascular patients, including those undergoing CABG, e.g.: arterial hypertension above 140/90 mmHg, left ventricular hypertrophy, cardiomyopathy \[[@CIT0017]\]; heart failure, unstable angina pectoris, myocardial infarction, valvuloplasty, stimulator implantation, uncontrolled diabetes \[[@CIT0006]\]; age above 75 years, peripheral vessel diseases, COPD, anemia \[[@CIT0008]\]; left coronary artery disease, intermittent claudication, myocardial infarction within the past 3 months, CABG or PCI within the past 12 months, complex ventricular arrhythmias, LVEF \< 40%, orthopedic or neurological limitations, or participation in regular physical activity within the previous 3 months \[[@CIT0009]\]. When it comes to the clinical characteristics of patients, it is notable that the participants of some of the programs were characterized by good initial general condition, e.g., left ventricular ejection fraction of approx. 60% \[[@CIT0008]\], and were relatively young and fit \[[@CIT0016]\]. Many study groups were mixed in terms of sex \[[@CIT0008], [@CIT0009], [@CIT0012], [@CIT0014]--[@CIT0016]\] and heterogeneous with regard to nosological entities: patients after CABG and after myocardial infarction \[[@CIT0009], [@CIT0013]\] or CABG, myocardial infarction, and PCI \[[@CIT0016]\]. Interpretation of the study results is also impeded by the alternating use of treadmill and cycloergometer training within one study group (even if the same intensity of training is maintained) \[[@CIT0006], [@CIT0008], [@CIT0011], [@CIT0015]\]. Furthermore, the credibility of some of the results is undermined by the lack of a control group \[[@CIT0007], [@CIT0013], [@CIT0017]\].

Conclusions {#S0004}
===========

Walking training has been applied for many years in patients undergoing CABG procedures. Many types of walking training have been designed; they vary with regard to intensity and are supplemented with different kinds of activities. Nonetheless, the methodology of training requires continuous improvement, particularly in terms of load dosage and session monitoring. This is of particular importance with regard to the rehabilitation of high-risk patients burdened with numerous concomitant diseases, for whom the intensity of some of the described programs may prove too high. Walking training is an excellent alternative to the widely employed cycloergometer training; therefore, new walking training protocols must be designed and implemented, especially considering situations in which cycloergometer training cannot be conducted for various reasons.
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